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(57)Abstract: 

PROBLEM TO BE SOLVED: To furthermore improve the stamping workability (the reduction of the 
wear of a stamping die and the burrs and sagging in a copper alloy subjected to punching) of a Cu- 
Ni-Si series alloy while satisfactorily maintaining its strength, electric conductivity, stress 
relaxation resistance and plating properties. 

SOLUTION: This invension is composed of a copper alloy having a compsn. contg., by weight, 0.1 to 
4.0% Ni, 0.01 to 1.0% Si, 0.01 to 5.0% Zn and 0.0001 to 0.005% S, furthermore contg. one or > two 
kinds of elements selected from the group of 0.00003 to 0.003% Se, 0.00003 to 0.003% Te, 0.00003 
to 0.003% Sb and 0.00003 to 0.003% Bi by 0.00003 to 0.005% in total, and the balance Cu with 
inevitable impurities. 
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(57) [gift] 

[ISII] Cu-Ni-Si ^^<D§iS. » 

[fgifc?©] Ni : 0. 1-4. Owt%, Si : 
0. 01-1. Owt%, Zn : 0. 01-5. -Owt 
S:0. 000 1-0. 0 0 5wt%%MU 3 
6(CSe : 0. 00003-0. 0 0 3w t%, Te: 
0. 00 0 03 — 0. 003wt%, Sb : 0. 000 
03-0. 003wt%, Bi : 0. 00003-0. 

o o 3 w t %om£ o mtR Ltc7cm<o 1 ixb 2 w$± 

^It-CO. 0 000 3-0. 00 5wt%tSL, 
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im^mi ] N i : 0. 1-4. 0wt%, Si: 
0. 01-1. 0wt%, Zn : 0. 01-5. Owt 
%. S:0. OOSwtiiitlT^fl. Se:0. 0 
0 3 w t %iHT. Te:0. 003wt %WT. S b : 
0 . 0 0 3 w t %ITF. B i : 0 . 0 0 3 w t %KTF© 

mx *) iitR LtcTtmv i «x« 2 «ei±*^W"c o . o 

0 5 w t %WV^m L . ^SP^C u RO'^ifi^^ 
6 fc S C 4 T £X * > f> i^JUXtfe KStl^S 

ft, • m^shmm^o 

im>m2] N i : 0. 1-4. Owt%. Si: 
0. 01-1. Owt%, Zn : 0. 01-5. Owt 
%. S:0. 0 00 1-0. 005wt%^Wl, S 
e:0. 00003-0. 00 3wtX, Te: 0. 0 
0003-0. 003wt%, Sb:0. 00003- 
0. 003wt%, Bi : 0. 00003-0. 003 

w t %©f* j: <omiRL tc7tm<D i mx.it 2 aj^±^^t+ 

TO. 0 000 3-0. 0 0 5 w t%$WU &gUfiC 

[IS*313] S<=>fCPb : 0. 000 1-0. 05w 
t%. C:0. 0001-0. 0 1 wt%(Dm£K>miR. 
Lfc7t^©ieX«2S ; Sr^tf-C0. 00 0 1-0. 0 

5 w t %$wr s c t znmt r £ 1 x« 2 fete 

[fijRJM4] £*>JCP:0. 000 1-0. lwt 

A 1 : 0. 000 5-0. 3 w t %0)Wtfr!bMtRV 
/clHXW2a?:^ffC0. 0 00 1-0. 3wt%$ 

mt a c <b ^944 T st»*ra i - 3 «Dn-r*i*»«cett 

[W^5] 3 6(CMg:0. 00 1-1. 5wt% 

[IS*JBB] 3F,fCMn :0. 00 1-0. 5wt 
%. Fe : 0. 00 1-0. 0 3 w t %jfea£. Co : 
0. 001-0. lwt%, Ag:0. 0003-0. 
lwt%, Cr:0. 00 05-0. 01wt%> Z 
r:0. 0005-0. 0 1wt%, Ti :0. 000 

5~o. o i -w t%<Dm^hmiRvtcimxiit2ma± 

fc^ftrO. 0 00 3-0. 7wt%tftSCi^ 

Wit-?z> m^m i - 5 ou-rtifricnffiztitcz. z > t 

[it#JB 7 ] 5 6JC®«^WM 3 0 p p mfeTF. 7kSt 
HtfTfi 1 0 p p m«T«lt4 C i^^i-T^lg^ 

1 — 6 ©t>-f ftflHCfSifc;* ft/c X £ > b> T/JJDXtttcg 

[til#B!8] $6(cSn:0. 01-8. Owt%& 
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w-r s c <h zmm 1 -r zm>m 1 - 1 ©t»-r*»*«:ett 
2 n/cx # > h- > ^jnxttocgn sii^-ii^-SKiffllfl 

[0 00 1 ] 

•^gPp a D {cm^-5x^>f>^*nxi4. w 

10 [0 00 2] 

urn • s^gfe a n©/j^t. s* 
ft iWnwbecfl£oT. ^tts^^-r&fc&tcy- 

U-A©D- FWPg©^/J^smi3^i'^©®IS 
t3^©»'K &cmj?©{£»#H6ft-tt,>£„ c©fc 
»» Cti^OStttc^Lttt, ^^©iSJSfeg. »z» 

(Sn«6-o£©-iMX*7-ii53Hj> 
*#s3 6«:J£L.<&->-c<,>£. t©<fc5£c8&t,i,>g#{c 
tttfrt Sfc&K:. Cu-Ni-Si ^IB^i L-T\ {?« 
20 ^.^#18^8-3 1 9 5 2 7^|RK;^3n-Ct^<t 
Ni :0. 4 — 4. Ow t%> Si :0. 1 — 
1. 0wt%. Zn : 1. 01-2. Owt%. Cr : 
0. 0001—0. 0 1wt%. Mg : 0. 0001 — 
0. 00 1wt%, S^StCJ^Gr. Mn : 0. 0 1 
-0. lwt%> Al .0. 000 1-0. 01wt% 

[0003] y — u-a^^». 

il^x^>b*>^{cJ:0^i»3tiS. x^>f>^{c*j 

is n/c i # cc^-r -s^' y . astute £«f fi^^>«b» c 

t^r4>. x^>b->^»nx{{:MLr(i+^iat < ^T > 
— s ©?fi:#*5#i6 p> ti r t> -s. 

40 [0004] 

[f69J**A?fcLJ:5 iTSgSIS] *^l»Cu- 
Ni-Si ^^©5SIS. iSlc^iSfil^tt. * 

o*ttfti'?:»S^'), X^>f>J/J)nXtt (X 

3? > f > ^*^s©ii*isc>'fTS# *nx s fttcms&ic is 
ftfc&©-e&£„ 

[0005] 

[Bffi^^fifc*©*©] *^(c^-5fi^ • 

mShmm^it, Ni : 0. 1—4. OwtX, Si : 
50 0. 01-1. 0wt%> Zn : 0. 01-5. Owt 
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S : 0. 0 0 5wt , /oWT ; 5;ML', S e : 0. 0 
03wt«OT. Te:0. 0 0 3wt%«T. Sb : 
0 . 0 0 3 w t %WT. B i : 0 . 0 0 3 w t HOT© 
g¥i^3ltRUfc^©l«X«2««±«:0. 0 05w 

SCC-oorti. 0. 0 00 1~0. 0 0 5wt%© 
WBiftr:\ Se. Te. Sb, Bi (JU-h£ A«f7U*i 
O*. >r«. Se:0. 00003-0. 00 3 
wt%. Te:0. 00003-0. 003wt%, S 
b:0. 00003-0. 0 0 3wt%, Bi : 0. 0 
0003-0. 0 0 3 w t %©§6Bl*3r. Ctl6©ll 
X«2««±^lt-C0. 00 0 0 3-0. 0 0 5wt 

[ooo6] ±tB«m • n^asj^s^^ s p>k. 

CDPb:0. 0001-0. 05wt%, C:0. 00 
0 1-0. 0 1 wtK©8¥ (Btc*±C»5> .fcOaKRl/ 

fcyimoimxuzm^^o. oooi-o. 05 

wt%. ®P: 0. 0001-0. lwt«. Al : 
0. 00 0 5-0. 3wt%©8f (CSfSJtiOS) *» 
fcSHRLfc 18XB2 «*£W"r0. 000 1-0. 3 
wt%. OMg :0. 001-1. 5wt%. @Mn : 
0. 001-0. 5wt%. Fe:0. 001-0. 0 
3 w t %*S§. C o : 0 . 0 0 1-0. lwt«. A 
g : 0. 0003-0. lwt%, C r : 0. 0005 
-0. 01wt%. Zr:0. 000 5-0. Olwt 
Ti :0. 0005 — 0. Olwt %©Sf ( DSfTC 

ooo3~o. 7wt%^ b~d. Mg^^e-n-en^ 
[0007] ±R«a • m^HHuwuii^tt. mm^m 

M30pp mfeTF. 1 0 p p m«TKS 

§?.KSn:0. 0 1-8. Owt»/.SMr 
[0008] 

(Ni)NittSi ii*>K»JlO-r4C4K:«fcD. N i 

«tt«isi±3-a-&»**^4. o. iwt%*at» 

£ . ««B|J)PXttRV»IBHnXtt**9WkT* ©r# $ l> < 
ttO. fitor. NiCMlBO. 1-4. Owt%t 

(Si) S i «N i ti*KSB»lf *Ct«C«fc»). N i 
-S Ht£*l*£JS3-l*. W*M4RC«tI&#*WU 

^£iM:3tf£^ ; £ : &-r&. o. oiwt%*ir 

»£©$»***/]>>;*<. 0wt%4IKMt 
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<£(,». f£-»r. SiOMlBO. 0 1-1. Owt 
[0009] (ZnJ^fW-V^ttCrt^ s 

«14©[S)±. ?§»©K^i*. igflW>M**&£*«>*6* 

**-r 4. o . oiwt < . 

5. 0wt^ii5iii$«Tl, «A.ft3Witt 
10 *JHfW*. Sot. ^©H?W3£0. 0 1-5. Ow 

t%£-r&. 

[00 10] (S) »££tcSHBS*i<5£. 
[SUSttSo S^ifi#50. 0 00 1wt%*iti« 

0. 0 0 5w t^^iS^r^w-r^tAE 

StlSMg -S-fb^oa^ttWO. A sr* o^^fo 
20 fcRHC, £^fflK#& , TSM*-Sffc£»*&&fcl' 
r. As*^tt«t«?iHmHt/*"**<** (KftAg* 
jHfc05>. C©Ag§5g«. *^*A8»-5**tT 

r©«^* -3 * ©^«tttt*t-f zmm&zi&r $ s 

fc*ffl!Si&5. ^-.t, S4**i0. 000 1- 
0. 00 5wt%it^ 

[001 1 ] ( ASfTC* :Se. Te, Sb. Bi)C 

£\ x*>t->^J0Xtt£ft±3tf£. fi£r>T. 
^>f>yjOX3nfcU- F? U-A. ^*i*©^« 

KBI©-IB©^lHt*oJ^<i:-rS. 
[0012] fiai©^J*«* Se, Te. Sb. B i ©£ 

m#o. oo3wt%m sfcticn6©^tm« 

*#0. 0 0 5wt tO^KA 
40 g&oS (&*R TtlR) &*t5£. C*l6© 

7E^|5|±©{b^®). *St>ttCft6©7n*£S. Cu. 
Al. Ag, Co. Cr, Fe, Ni, Sn. Pb, Z 
n. O & £' <!: ©*3SX««^{ b^^©#^T •*> K fc 

or a g s> -> ^(Dm^Kmm^. i> . ^iRSSX«*iR 

X«$«©»^fr*^*^"*" l >- ft-° x - ctlh 
©7G*©£*r««. Se:0. 003wt %«T. T 
e : 0 . 0 0 3 w t S b : 0 . 0 0 3 w 1 9U& 

T. Bi : 0. 0 0 3\ft%&.rom^'OmViL-fcyzm 
50 ©1«X«2S«± ; S:0. 0 0 5wt%«Tt?ttWti« 
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■fZHK Se:0. 0 00 0 3 — 0. 003wt%, T 
e : 0. 000 03-0. 0 0 3 w t %. Sb : 0. 0 
0003-0. 0 0 3wt%, Bi:0. 00003- 

o. oo 3wt%<on^'omRutcimxu2m^i±(o 

-£fr^Tfi#0. 00 00 3-0. 0 0 5wt%-C*i 

[0013] &*5. &&wtfmmK.uu-?z,±.m<Dfc& 

1 0 0 0<i/mm J **Sx.-2,iA g«>->#©;ftiRM?it# 

-S-fb-^lu^-tt. 0. 1 ,umJ«±©*>©#s 1 0 0 0<!/ 

[0 0 14] (BP7c^:Pb, C) tn6©7C3£tt. 
t>-ftifc#££©X£>f >yjJDX1S:£ftJL;*-&-5 (X 

(co. o o o i w t %$m<Dt % Bu^oja)**s+^ 

T'&C^ S/c> Pb : 0. 05wt%mXiiC:0. 
0 1wt%ii|.t, C ft 6©£ifSWS# 

0. 05wt%£iS;tS<!:, ^B#X«^«IJH1MB#©« 

tst©§«ft#&£i,-^-r< . £tcmmftaxmmT?z. 

tt-yX. Pb : 0. 0 00 1 — 0. 0 5wt%, C: 
0. 000 1-0. 0 1 w t%<Dm£t)MiRLtc7€m<D 
iaXB2a*-&Sf-rO. 000 1—0. 05wt%i 

[0015] (CmUM : P. A 1 ) Cti6©7C*t*. 

m&m^m-tzmmzmrz. p : o. oooiwt 

A1:0. 0 0 0 5 w t %3am<Dt ffi£ 
©#)*&s+#-C £/c. Cft6©7cJll©t>-rft#>#s 
P : 0. 1 wt%M, A 1 : 0. 3wt%i^.4i, 

$>s^«cn6<Diax(*2a©^-it* 5 o. 3wt%£ 

B*tt«»£*HaT-r*. «£^T. P : 0. 0 00 1- 
0. lwt%, Al : 0. 00 05 — 0. 3 w t %<DWL 

&?>mv{utcimxte2m*:'&ntx-o. oooi-o. 

3wt%i-T5, 

[0016] (Mg)i^(cWtSi> 

u mmfiQx&z&m-rz. o. o o 1 w t %*$rct* 
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2S£ is+r < * -So * fc. flnxgs-fbtfAt < ft 0 . »B 

■*©Bttft. lfttf^Xtt©^bfc£©f8JgIk£&£-r£/c 
«>. -^©I^SSrO. 0 0 1-1. 5wt«tCSWIR-r 

>i^flnxtt©B*>6WMgSc>*s«^c^*5g|^ 
o#*tf -itcm'&immffiim&tzMg - s^^© 

g^-CA g <DmfflWtt#iai&&£. U A sr ^jgA^JifiS 
10 ft*. C©^5rE$±-r.5(C«^^feSfflK:@?§T-5M 
gS^iffln5ti-*£J:<. ^0MgMl(wt%) 
£ [Mg] . SlttfrS (w t%) £ [S] £0/c£t> 

0. 25 [Mg] ^ [S] 

[00 17] (D§¥7tJ£ : Mn. Fe, Co, Ag, C 
r. Zr, Ti) Cft 6©7c^{;tl>-rftfc#:-&£©8i 

f*iUfn«>Mn : 0. 00 1wt%m Fe:0. 
OOlwt 26*81. C o : 0 . 0 0 1 w t A 
20 g:0. 0003wt %*8§. Cr : 0. 0005wt 
%^m. Zr:0. 0 0 0 5 w t %*8§. T i : 0. 0 

oo5wt%m *>^^«cn6©iax«2«jy± 
©^ft#o. o o o 3 w t %*8&-c«. ?<D®m&+ft 

-Ctj:l\ cn6©jc*©l»fh^, Mn : 0. 

5wt%ii Fe:0. 03wt%«l, Co:0. 
lwt%li. Ag : 0. lvft%Iil, Cr : 0. 0 
1 w t Z r : 0 . Olwt %l*;t. T i : 0 . 

Olwt^m^i. <fc&<,>«Cft6©l «X(i2g« 
_h©^if-#0. 7wt%4i^5i. tm©ffltt2ftC«l 
30 i$ii|Tt5. Mn : 0. 00 1-0. 5w 

t %. Fe:0. 001-0. 03wt %*86. . C 
o : 0. 001-0. lwt%, Ag:0. 0003- 
0. lwt%, Cr :0. 0005-0. 0 1wt%, 
Zr:0. 0005-0. 0 1wt%, Ti :0. 00 
0 5-0. 0 1 yft%<Dm&*>MlRVtcimXte2n&. 
±££ff-C0. 0 00 3-0. 7wt%it5. &*J. 
*^«^>?l7C3R£OrS i Cf¥5c5H*>"E>P£ 

$$ni/ Anx^a^Jct^r^DSTE^© 
[ooi8] (mm) mm&&<D®m§mmi 3 0 P 

pm^Si, «A,/ctfWl±©ffiT. &-?£t4©<ST 
Stt*. ^*ttSSfb«9*«#^5fc##P^WX 

f©5£tt<KTK:J:oT. #ii«©gjft. fiifftnitt©® 

^©^WS^3 0 p p mJWT£-T2>. *^#«c 
fcur. K^WS©M* U«iB2 0ppm«T, 
50 S 6(cMS Ut,^B« 1 5 P p mljrFt?**. * 
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[0019] (*3H) 1 0 p p m 

#tt iffttf ote«©ttB»«: J: o -c ram* £ '*»e#-t»-r < 

tt*. 8Eor v 1 OppmttTiti. * 

£&tctol,>-C. 7KSS^^fi©a* W»*Htt5 p pdiH 

tWtHHC*»l»-C [H] 2 [0] =3-1 0 0©S6Bfc« 
ot«t*iT&5 ( [H] : ^*tC^WS*i?.*^fi 

(ppm). to] : £&twc£*ftSB«* (PP 

m) ) o 

[0020] (Sn) CuflfflKligU^ *4WiM 
toURJHB*3 6Kia]_hS1i*. 0. 0 1wtX*«tB 

^©^*3&5/Jns < . 8. ow t £*&raflnx# : 

J8t,<&t>. 3W*©(ET*>*:S<fr*« SE-5t. Sn 
<D^W*»0. 0 1—8. 0wt%tfS. 
[0 02 1 ] #»9iec»4»£&tt. am»cJ:or 

qjiiB-caa. ««BiEe*»ffli«". «s 

^SKtrit* Ofc 5 - 3 0 m m©Jf 3 

t ft[?Bffi£ 4*7 -?-Cf?T?£©J?£ t ■$ h c t anrjfcr* 

■5= 

[0022] *«WK«*«6*HiWBraitt' ^JI 
ttBffifKN i -S ift^W*ffHJS*r?tft3*i*fc 

N i RtfS i AD«»|«^ttlr»«^*fHUtW>tt 

6 0 0°CfcLh©S«#>£. a9WMM^*ffl«'»*»^ ,c 
«*©SB»fflff* 6 5 0 'CJJUkLTSC u 
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-6 OO'C. «f$B#|?fl5~6 0 0#£HU8TftW:<i:<->. 
[0023l*fc. *»BJ3<30^«l^aSi:OX»-e 

«. ffl&OW&^Z 3—80 -5.. 
2 0 0~5 0 0-Cx5#~5B#RS«}# 

i Nt*fim*N) - mmm&zm^zia&az o o- 

8 0 0'CX 1 0-3 0 0»fl»* (tmsBKBSxssta 

[0 024] ±IB©J; 5tt. »SLh»)X»IIMaai:0^ 
o T-C*fttf«fcfc>. a*. )EgJBX*©lft^«:i*oTE® 
tt. COSKftfrKfcW 2 0 /zmfcTTC* 

n««fci». -eosiitis* 5 2 o wm^^i. 

* » e > jffftoA flDX^tc a if SBfcfct >-c . * I- > 

A. -&^©IS*tta» 20d mfcTF-C* 5 C <b^M$ U 
30 C>„ X^>b->^XB#©«0, fiitfttlX^Oflll^n. 

ftif m>mmxf®m>Mfr t*. isftttatt 1 5 m m 

[0025] *^OMit?** 'J - ^-^^ S 
i * y 7'©H*|-^ 9 PJMltte^-C 2 0 0- 

3 5 0'CK.UmStii>. ■7^+5K>7 : ^>^©XfMK:fc 

^©Am©«A*^^i»±-r5c i*j«i/t»fc«>. 

* fc^s!W©*M«:» ^ =; A >f?±a*IS* t /cJS^ft K 
^tJPiS«<!:©P^©««^S* 5 «'' i < t ^l't- : er-^'? ; 

50 *iSSftS*#1*tft^o *^©«ffiffl^* 5 v <W« 
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¥fcJ*13 (Ra)AiO. 2Hniii. (R * 

m a x ) *U . 0 u mii(C?c £ t B?f tjf©^#tt#® 
"FfS. C©.£#>6. *ffiffi3«. Ra: 0. 2ymfel 
T. ^Rmax: 1. 0 /imJUT-C&S C U 

[0 02 6] 3?.^ *^W^CC*5Ur«. 
fa7C*feiif-ic. B, Ca, Sc, V, Ge. As, S 10 
r. Y. Nb, Mo. Rh, P d , Cd. In. #±ffl 
tBB. Hf, Ta. W. Re. Os. Pt. Au4i> 
6 jl *l £ 1 2 H«±©tg3R£&7C* 0 . 0 0 0 

lwt%-0. lwt%, l£if-0. 0 00 1-0. 3 w 
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££*£<<aT3-ti-r{C. W^fttt. »tfS&ttSl*M4R0f 
[0 02 7 ] 

mmw i ) 

tk-TNo. l~2 4©ffl)S©^?r5"J^h^*PK:J:0 
:/***-;UKK£|3£U J?3 5 0mm, *§9 
0mm. S$2 0 0mm©»MML-/c„ 

HM. *£#!&<!:©$£**. *K®SW»*^©*fflt*tf 
o/c (No. 2 3£&<> . 
[0 02 8 ] 
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Zr: 0.0007 
Ti:0.0006 
Ag: 0.0005 


1.5 


13 


3 


Bal. 


1.0 


0.2 


0.5 


0. 03 




0.0022 


mm 

Sb:0.0003 
Bi:0. 00008 


c b ;8:8oo4 


liM 


Hfa:0.06 
Fe: 0.012 

Cr:0. 009 


0.6 


20 


4 


Bah 


1.8 


0.4 


0.5 


0. 08 




0.0022 


Se:0. 0001 
Te:0. 00005 
Sb:0. 0004 
Bi:0. 0003 


Pb:0.004 
C :0.0001 


P :0.01 
A1:0. 05 


«n:0. 11 
Fe:0,02 
Co:0.06 ! 
Ag:0.01 
Cr: 0.0007 


0.9 


21 


5 


Bal. 


1.8 


0.4 


4.5 


0. 12 




0.0030 


Se:0.(»01 
Te:0.0001 
Sb:0.0002 
Bi:0.0003 


Pb: 0.0025 
C : 0.0003 


P :0.006 
Al: 0.0006 


M? 

Cr:0.00l 


1.5 


8 


6 


Bah 


1.8 


0.4 


1.05 


0.25 




0.0035 


Se: 0.0007 

Sb^O! 00012 
Bi:0. 00005 


Pb: 0.0030 
C :0.0005 


P :0.003 
Al:0. 0001 


Mm0.005 
Fe:0.003 


U2 


12 


7 


Bal. 


1.8 


0.4 


1.15 


0,5 




0. 0033 


Se:0.0005 

mw 

BirO.0001 






Mn:0.008 
Fe:0. 003 


2.2 


6 
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Na 


4X • 

Cu 


N i 
Yrt% 


S i 


Zn 


MB 


Sn 

9i\% 












H 
wtppm 


O 
wtppra 


8 


Bal. 


1.8 


0.4 


0.25 


1.5 


— 


0.0011 


Se:0.0002 

iEi&ooos 

Bi: 0.0002 


Pb:O.0O3O 
C :0.001 


P :0.009 
Al:0.03 


Kn:0.02 


2.2 


3 


9 


Bal. 


2.5 


0.55 


1.25 


0. 15 


— 


0.0010 


Se:0.0005 

mm 

Bi:O.O005 


Pb:O.0O25 
C :0.0005 


P :0.05 
Al:0.02 


jjrg jjf)5 


1.8 


6 


10 


Bal. 


3.2 


0.7 


1.36 


0.21 


— 


0.0022 


Se:0.0004 
Te:0.0007 
Sb:O,0012 
Bi:0.0003 


Pb:O.0O2fi 
C :0.0OO6 


P :0.03 
Al:0,05 


Ifa:0.07 
Fe:0. 025 
Cr:O,00O7 


2.2 


5 


11 


Bal. 


1.8 


0.4 


1.10 


0.51 


0.02 


O.0015 


Se:0.Q01 
Te:0.001 
Sb:0.001 
Bi:0.0003 


Pb:0.040 
C :0.00O7 




MikO.OI 

Fe:0.005 

Ag:O.007 


2.3 


4 


12 


Bal. 


1.8 


0.4 


0.43 


0. 50 


0.5 


0.0028 


Se:O.0005 
Te:O.0001 
Sb:0.0007 
Bi:0.0001 


Pb: 0.035 
C :O.0OU 




tfn:0. 1 
Fe:0. 01 
Co:0. 05 
Ti:O.O05 


1.9 


7 


13 


Bal. 


1.8 


0.4 


0.55 


0. 44 


4.05 


0.0038 


Se:0. 0002 
Te:0. 0001 
Sb:O.0008 
Bi:0.0002 


Pb:0.051 
C :0.0009 


P :0.0I 
Al:0.01 


Cr:0l 05 
Ti:0.005 


1.8 


9 


14 


Bal. 


1.8 


0.4 


1.32 


0. 22 


7,26 


0.0055 


Se:0, 0003 
Te:0. 0004 


Pb:0.0027 
C :0.0007 


P :0.0O4 
Al:O.0O2Z 


Mn:0.02 
Fe:0.03 
Co: 0.02 
Zr:0.005 


1.1 


13 



[0030] * * [S3 3 
S?3 :-&&o>fitfmj$. 



Na 


Cu 


wtaf 


s J 


Zn 
wtX 






wtJS 










H 
otppm 


O 
wtppn 


15 


Bal. 


0.06 
* 


0.021 


0.05 


0.006 




0.0021 


MM 


Pb:Q.Q015 
C :O.0003 


P :0.02 
Al:0.005 


fcifcK 

Zr:0. 0006 


0.6 


27 


16 


Bal. 


4. 5* 


1.2 * 


0.05 


0. 12 




0.0031 


Se:Q.0001 
7e:Q. 00007 
Sb:0. 0002 
Bi:0. 0003 


Pb:O.0026 
C :O.00O4 






1.9 


5 


17 


Bal. 


1.8 


0.4 


0.006* 


0.12 




0.0031 


Se:0.0002 
Te:O.OO02 
Sb:0.0005 
Bi: 0.0005 


Pb:O.0Q18 
C :0.000l 


P :0.05 
Al:0.01 


Co:0.005 
Ag:0.05 


1.2 


10 


18 


Bal. 


1.8 


0.4 


1.05 


1.9 * 




0.0017 


Se:0.0005 
Te:0.0003 
Sb:0.00il 
Bi:0.001 


Pb:0.02 
C :0.0002 


P :0.01 
Ai:0.005 


Mn:0.007 
Fe;0.0O7 
Zr:0.0Ol 


1.0 


12 


19 


Bal. 


1.8 


0.4 


0.65 


0. 12 


9.0* 


0.0012 


Se:0.0007 
Te:0. 0003 
Sb:0. 002 
Bi:0. 0005 


Pb:0.0l 
C :0.0002 


P :0.008 
Al:0.005 


Cr:0.0Q2 
Ti:0.003 


1.4 


9 
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314 : IS&n&ftim. 





Cu 


N i 


S i 


Zn 




Sn 


s 










H 

wtppra 


O 
wtpjsn 


20 


6al. 


1.8 


0.4 


0. 47 


0.11 




0.0026 


Se:O.0005 
Te:0.0003 
Sb:0.0014 

Dl .U. UUtll 


Pb:0.0035 
C :0,0013 


P :0.015 
Al:0.002 


Mn:0.65 + 
Pe:O.02 
Co: 0.15 


2.1 


6 


21 


Bal. 


1.8 


0.4 


0.46 


0.51 




0.0023 


Se:0.0001 

Ml 

rJi :U. UUU1 


Pb:O.0O24 
0 :0.0008 


P :0.11 * 
Al: 0.002 


Zr:8:O05 


1.5 


8 


22 


Bal. 


U8 


0.4 


0.44 


0.50 


- 


0.0021 


Se:0.0015 
Te:0.0008 
Sb:0.0033* 

Dl . U. UU1U 


Pb:O.0O25 
C :0.0005 


P :0.005 
A): 0.004 


Ag:0. 02 


1.3 


10 


23 


Bal. 


1.8 


0.4 


0.45 


0.50 




0.0025 


Sb:0.8S02 
Bi:0. 00003 


n-m 


Al:8:8(§ 


Mn:0. 02 
Fe:0.01 
Ti:0.005 


14 * 


1 


24 


Bal. 


1.8 


0.4 


0.44 


0.50 




0. 0015 


Se:O.0O3 
Te: 0.0001 
Sb:0.0006 
Bi:0.0001 


Pb:0.035 
C :0.001 


P :0.02 
AJ:0.002 


Co:O.0l 
Ag:0.08 
Zr:O.005 


0.8 


33 * 



[003 2 ] C©H&£9 3 0 "CtC 1 IftlBftlffilft. MS 
1 5 mm £ vmSEM OX. 7 5 0 m azLfCim&M&7 

o. 1 SntWI*S8%?:ii4No. 1 9-& 

te^tiw&ztcsb. fymikotctoia oo-cri mmm 
*m%. 7 5 o ~~ 8 5 o -acmm u . mmE&z'n tc. 

No. 16. No. 19SyNo. 2 l^UM* 
-CSd*-l##S£U /PS 1 5mm©tflg-C-e©f£©<£j£# 

£/c. No. 2 3^#«^<f*Sffig|5(Cte^-CSl,^f!l 

mote. 

[003 3] tutsmi** mm<omtx>r--)\>*mmK. 

iit, 0. 3 5 7mmtSETftlBBfil/fc. fcfc'l/. 
No. 18 IZftW&tp-CMmtlibmi' < te-?tctc#>K.m 

£*itu ^©xii^rSfflL'^^ofc. -?•©&. 

ft©/ctf>(C 6 5 0 ~ 8 5 0 'CtC 2 0 ^Th"!^ L/cfg. * 

m>m3o%(D^ms.m^7-oxmmo. 2 5mmi 
i/, 44 o—5 o o'cx 2nm<Dmm^ : f-otc. »m 

«L/c, JWT. C©l«i#^To/c£^i?tl¥©##T?> 

[0034] <^7C^©^*fi£#*fi©#tFr> 

T. J I SK«5£3*iru^^ffi (Zn. Mn. N i . 
Fe. Co. Cr. P. Si. Al. Se. Te. P 
b. As) . I CP-MS. GD-MS. WfWX&tJi 



summit, j i s-hi 06 7 teases *rct»*#ffi 
ttffe©7c* i mm* mm. o -c t > s ®ss©fa i 

&£. &«f4{cot,>T3|5iigijSu ZtiibOW-ftmZM 
)gfif £LTfflt,>/c J I S-Z2 6 14 teas 

[0 03 5 3 <sm.jjm> 

30 L/c. ^^©^«§^43ffl-rotL. ^n?>©«>J5E 
[S»**;] j i sho 5 o 5«:assnr(,>s^rft{cs 

[tffcPE^ffi] J ISH31 3 OtC»-r?#. *-^> h 
5»0R«:j:»)SaK:*jWS*^fcto*«*ilBtl/. Kb 
oi^lffilfc. ^^©fi^iSjfiliS^i^icWi 
L/c i«i&K-tt£l3MsH oOToiL. ^n^»©i"J^ffl 
40 ©WiM'JSSSSi L/C. 
[JC^WIftt] 

[003 6 ] 0 1^)^02 iCm-T^^tC. til Omm© 
S^iDtl ^K-^F^m^ltcr. fiS (1) 8 0mm©fig 

<£umK<Dnt)<»s o%®mimt>*:ttm\s. mutts 
isuLstcvtmx- 1 6 o °cn o o omrs^mLtcm^-ti^ 

fc^S <5 : 1 Omm) £lS;*j£l&*L/c£i*©^tirfi 
(ei) *?aj^L. ^tcJ:-,ri&^fn^^aiJ^L 

/c «wisw»6K!tfi-* i oitowo, -en6©aij 

50 )£ffl©^^)fii%afl5£*g*£ UTffl^/c. 



(9) 



15 



fcftmm (%) = ( e V5) X 1 0 0 
fcfc. mfcfi (a) ««cJc-,-C#ii53tt£. 
a= (3XEX t XS) / (2 x 1') 

a : isjifrs^=ia:^>t©w*x o . 8 

E : WMRCD^y (N/mm 1 ) 
t : imft<DfcB= 0. 2 5mm 
[00373 

«Kffi«:*>^r«jf #fi©jgn&&£ j i s - h o 5 o 
3?jt£J8igufc as^ i o o~2 o ote) . m&^nic 

[ S n RU S n t? ©ft&IWgttt] *^©^^ 

&C*$l>-C». Sn&^RtfSn^&ot©^*:.* 

mm, S3 5 0mm©iSi)t4S^6 1 OMt^U 

3. 5g/l, 7;W>^l/7*>»10 0g/]. ^ 
«i|3 0cc/l #>*E>fc& 90Sn/10P biZMcfr 
(4 0'C) -C*S5£*S3 A/dm 1 (CtA- 5 t)l 
3 1 0jLtm©9 0Sn/l OPblJWcfto^ftl 

fc„ -e©^. lso'M-^tiooowi 

b°, 2 mm RT* 18 0' ffitfftMSKffltfRU 
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[0 03 8] [As*^6] Sf#fWlI25mnK 
S3 5 0 mm©S«^ 1 OifoSSSib, Sl^mc 

rat. ®» j/r>*AK»o*»tfflc»"c»8i*« 
*>ofcti^o. iss$nfc«^x<bs«L. *©a*6 

fc. bum&Lt<Oh<Oi^tOX^.^ 1 cm'tt 
«3 lliJiTF^teOtUc., 

[003 9] [Se, Te. S bXBB i **tMt£* 
igtf ] SsSfsUk') 1 0mm x l QmmmiM.ftZZffir? 
o^L-C-e©*iB*EDX-ca^l, : x 1 0 0 
0~3 0 0 0) . ^fflKWRStiStt^FOEDX^f 
h;b*i«3. Se. Te. SbXttBiOH©li« 
±7&s^StiSfi^t?. A^*©iSS* 5 b. 1 (im*ii 
^©©fflSS^&fc. &i&MKU-^~C 1 mmx l m 

lmm©ffl» ; &4|5Ii!!'J5£U-C. *©¥i&ffl4*IJ£tt*£ 
OTfflO. KS0. Um«:ii?>t©OW ! 10 0 
0<I/mm J WT©k©&O<!:f¥«U 1 0 0 0<I/m 

*«^R J SM 5 8 0 0 L Vjfe2E3Sf&?«»& < S EM 

/edx) mmmmti 5kvr*5. 

[0 040] <ife*>&^©PS«S* ; S:^5R^6 

[0 04 1] 
[*5] 
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17 18 
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No. 




% 










kgf/ma* 


♦**^«*H>*-2 rip* 

kgf/nim 2 


rmm 




1 


43.3 


22 


34.5 


43 


9.0 


o 


2 


50. 1 


40.1 


40 


40 


8.0 


o 


3 


55.6 


16 


• 47.1 


25 


7.5 


o 


4 


67.2 


14.0 


61.5 


17 


7.5 


o 


5 


70.5 


13.5 


65.1 


18 


7.5 


o 


6 


68.7 


14.0 


62.6 


14 


7.5 


o 


7 


70. 1 


13,5 


64.0 


12 


7.5 


o 


S 


73.2 


11.6 


67.6 


11 


7.5 


o 




75.3 


12.5 


65.6 


15 


7.0 


o 


10 


81.4 


11.3 


67.1 


12 


7.0 


o 


11 


68.1 


14.5 


62.1 


17 


7.5 


o 


12 


69.5 


14.0 


63.6 


18 


7.5 


o 


13 


65.3 


12,8 


59.6 


18 


7.5 


o 


14 


71.6 


11.3 


65.3 


18 


7.5 


- 


15 


38. 1 


25.1 


27.6 


52 


15.0 


o 


16 


- 


- 


- 


- | 


— 


— 


17 


66.8 


14.5 


58.9 


17 


7.5 


50CHr$HJfl 


18 


- 


— 


- 


- 


— 


— 


19 


— 


— 


-- 


— 


— 


— 


20 


68.0 


10.6 


62.1 


w 17 


7.5 


o 


21 














22 


67.3 


14.0 


60.8 


17 


7.5 


o 


23 


66.5 


14.3 


60.4 


18 


7.5 


o 


24 


67.1 


11.3 


60.7 


17 


7.5 


o 



(11) 



19 
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No. 








(Se,Te,Sb,Bi) 


jflACS 


1 


O 


o 


o 


O 


58,6 


2 


O 


o 


o 


o 


51.4 


3 


o 


o 


o 


o 


49.3 


4 


o 


o 


0 


o 


44.5 


5 


o 


o 


o 


o 


42.3 


6 


o 


o 


o 


o 


43.4 


7 


o 


o 


o 


o 


40.1 


8 


o 


o 


o 


o 


36.2 


9 


o 


o 


o 


o 


41.5 


10 


o 


o 


o 


o 


37.6 


11 


o 


o 


o 


o 


43.1 


12 


o 


o 


o 


o 


40.6 


13 


o 


o 


o 


o 


17.8 


14 


o 


o 


o 


o 


12.5 


15 


o 


o 


X 


o 


63.1 


16 


- 


- 


- 


— 


— 


17 


o 


o 


o 


o 


45.1 


18 


- 


- 


- 


— 


— 


19 


- 


- 


— 






20 


o 


o 


o 


o 


/q i 
fto. 1 


21 












22 


X 


o 


o 


X 


44.5 


23 


o 


X 


o 


o 


44.3 


24 


o 


X 


o 


o 


45.1 



[0043] #milcM7£lstcmi&Zm? o . 1 - 
No. 14B, J*f=i***-fci*© 

L-C, No. 15«. NiRCf'MBOMt* 5 *^® 

fcS&£B#s#il£L/c. fit, NiS^Si (D^WS^* 
^©.USfi*®*. 4No. 16H, g®t£tci!lft#f£ 

*J*|658<DJilRffl*M**No. 18». ft»WIU> 
n £:frttW*3BS©-klR«I*itl*. * N o . 19 

[0 0 4 4] DSf (Mn, Fe, Co. Ag. Cr, Z 
r T i ) ©7B!M>&tf«#*»W©-i*tt*aASN 



40 



50 



o. 20»No. 4itb^t:fflC>'^+»-C^<. ttCfW 

x£*T5<b«n##££u-?>-r<<>» »«*t»«a>t? 

(P. A 1 ) ©TcfOMI^^O-ti 
i^SNo.. 2 1 BUMBWtiJWttO. 
Xg£ittf> SCt a^BjfSEr* r> fc. A8(Se, T 
e. Sb. B i ) ©TclCMS^^O-tEi** 8 

E©±«f«£j>l*.& No. 23 tawiwisawiWB* 

U gg*tt* s {£TU i/cAgi6r)tt©11BiSi^ 

®.»te»|ll|tfllOXtt««»». AgfeoSP* 

[0 04 5] (**6WI2) 
<W*WMKf¥>«7 (CiST 6 



C12) 



21 

U ^H^iiiCioT, J? 3 1 50mm, ifs6 0 0m 
m. ^5 00 0mmO«i)S?:(mte. )§j&IS&&Cte 
utBWRW<o*^--4+»ictTU l assort 

[0 04 6] 
[St7] 



I 






o 






ai 


CO 
O 


o 


to 




1/7 

o 


O 


*~~o*§ 

ill 


=:SSS 

oooo 
oooo 


ill 




oo 


I s 

o 


oo 

oo 

oo' 


§§ 

oo 
cu«e 


oo" 


— «o 
oo 


OO 

oo 
au^ 


CQ 


B 

oo 

£o* 




OO 

So 


So 
oo 

£o 


11 

oo 
£o 


08 
oo 


< 


oooo 
oooo 
oooo 

oooo 


oSro— » 
oooo 
oooo 
oooo 
oooo 

CL> or- 


oooo 
oooo 
oooo 

oooo 


oooo 
oooo 
oooo 
oooo 

CD CD-0-~ 


♦ 

cocococo 

ssss 

oooo 
oooo 

ooo'o' 

*>✓ VV V 

CD CD-O- — 
CO E— tOCQ 


CO* 


o 
o 




o 


1 

o 


s 

o 


o 
o 

o 




1 


1 


1 


to 
oo 

CO 


1 




s 

o 
o 


O* 


£2 
o 


*? 

o 


§ 
o 




CO 

o 
o" 




to 
o" 


CO 

o 


oo 
o 

o" 




o 


s 

o" 


CO 

o' 


o* 


o 




o 


CO 

oo 


OO 


oo 
c— 


o 
oo 


Cu 


1c 

QQ 


15 
oo 


I 


"5 

CQ 


S 

CQ 




c3 


SS 




S3 


§3 



s 



10 



20 
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[0 04 7] COM** 930 °C«C 1 B$R8JJ0$tf&, J*S 
15mra$t«ESL/t, 7 0 0*C*8*»Lfc. « 

IBIJEBS«ff oTO. 3 5 7mmt03^tfWlfe. 
cn6CD3-f;U?r8 5 0'C©Jia^a^K:jl«L/T. » 

j»fci>^3 0%OD^raff5I^tfoT«JlCO. 2 5mmt 
0, 4 4 0~5 OO-CCZmt^mSM^U-yfc, 

m&lstc. fete. 3-/Ji-o^SSWI*[6it!:fci>t, j& 

*i6©«6^#«B£^*fel>C£*JSiS3ftft:. 
[0 04 8] [fTfe^MTtt] SSC^CDTna -f II 
3 0mm(CX<; HtllDiP-f^tLfc, 7C=i -OW© 

«#fl©*ifc»ttis*&x y 9 h LfcK»*Jiir>?. ti 

0. 5mm, g32 0mm© i ;-F?:7'l/X 

as©^ y a* o . o 1 m m t fe <o . ^©RW&tfi&g £ 

lal?rM^.-5fc©*0, 3 0 073lI«:3SLfel>fc©?:X-e 
ffHiL/fc. fete. ^UX^S»iBMH. ^©?>;77> 
XttiHiO. 0 2 5mm (y-F*I©5%) . 7*DXtT 
fe^^tt. lTS*j$l^5 0 OVr 9 h/:»-C*^ 0 

[0049] <^>S^f4©l@^m^*8 tC^-T. 

[0 05 0] 

[jS8] 



40 



1 1-256256 



3XO 




»r 


(»ACS) 


(Aim) 




25 


43.7 


20.6 


59.6 


9 


o 


25 


82.3 


lu. 0 


37. 3 


7 


o 


27 


68.3 


13.7 


44.6 


7 


o 


28 


64.9 


12.9 


17.5/ 


7 


o 


29 


67.7 


14.2 


45.2 


7 


X 


30 


80.6 


11.2 


38.2 


7 


X 



[oo5i] *»»tcasu?taiiS*wr *N o . 2 5 

*>4. CftCdtfLT, No. 2 9tt, Mg&tfA»(S 
e , T e > Sb. B i ) ©^©Sflfi* 5 *^©!^ 

[0 0 5 2] (mmm3) 

0. 357mm<D»g«3^^*as«««'*'*W' t<0 * 

-en6^0. 25mmtK^iU 440-500'CK 
um i> t b$«1I£ ft -> tc . 
[0053] <t^#&> wcm-r#£-c*$>tf> 

^%fflc»-c. »;-F**itt*»xu «*Sft*fts©K*4 

»?«lfrc«*Ofc. «W*lKWt5l-»t2 0« 30 

[ ft VfWW ] CESM0 0 0 2ilWi If KR£ffi 
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